The Pathogen Sclerotinia sclerotiorurn (Lib.) d By. (Grau, 1988) is the cause of Sclerotinia stern rot of soybean. Sclerotinia sclerotiorurn (Grau, 1988 ) is characterized by fluffy white mycelium and black sclerotia that are formed by aggregations of mycelium. Sclerotia usually are 0.25-2.0 in long, formed on and within diseased tissue and function as resting structures that enable this fungus to survive in soil or mixed with seed (Grau, 1988) . Sclerotia germinate at, or slightly below the soil surface by producing apothecia which in tum produce ascospores which are forcibly ejected and wind disseminated.
Symptoms
Symptoms of Sclerotinia stern rot typically appear during the early stages of pod development (growth stages R3-R4). At the canopy level, foliar symptoms are the first indication of the disease. Foliar symptoms are chlorosis and wilt, and tissues between major leaf veins develop a gray-green cast while vein tissues remain green. In time, leaves become totally necrotic, tattered and curled, and frequently remain attached to the sterns past maturity. Foliar symptoms of Sclerotinia stern rot could be mistaken for late season Phytophthora root rot, brown stern rot, sudden death syndrome and stem canker, but differences in stern symptoms among these diseases can be used for diagnosis.
Initially, stern lesions develop at nodes and appear gray and water-soaked. The pathogen rapidly progresses into stern tissues above and below nodes and causes lesions that are 3-18 in long and usually encompass the entire stem (Grau, 1988) . White fluffy mycelium covers the lesion area, especially during periods of high relative humidity. The characteristic black sclerotia of S. sclerotiorum are differentiated from mycelium and in time are readily observed on the lesion surface. Initially, lesions are tan and progressly become white, and present a sharp contrast at the interface with green stem tissues. By crop maturity stem tissues are white and tissues have a shredded appearance if disturbed, and a reddish discoloration is frequently interspersed within diseased stem tissues and at the border of lesions. At harvest, diseased sterns are characterized by poor pod development, a white appearance and an abundance of sclerotia inside sterns. Diseased pods are outwardly white in appearance, mycelium and sclerotia are readily observed inside and infected seed will appear white and moldy. Sclerotia are commonly observed with the harvested grain; and if free water is present, can initiate seed decay problems in storage.
Epidemiology
Sclerotinia stern rot is a disease of high yield potential soybeans, and is favored by moderate air temperatures and frequent rain events just prior to flowering and on into the pod development stage of growth. Sclerotinia stem rot is responsive to cultural practices that promote moderate air temperatures in the crop canopy and cool and moist soil conditions. Sclerotinia sclerotiorum survives as sclerotia. Sclerotia germinate to produce apothecia which in tum produce ascospores, the infectious progagule (Abawi et al, 1975; Grau, 1988) . Apothecia optimally form at soil temperatures of 55-70 ' 1< and near water holding capacity for 10-14 days (Abawi et al, 1975; Grau, 1988) . Apothecia produce ascospores that are forcibly ejected and disseminated by air currents to the host surface. Canopy temperatures less than 80 ' 1= and plant surface wetness for 12-16 hr recurring on a daily basis or continuous surface wetness for 42-72 hr are environmental conditions needed for disease development (Abawi et al, 1975; Grau, 1988) .
Blossoms are a primary site of infection by .S. sclerotiorum (Abawi et al, 1975; Boland and Hall, 1986; Grau, 1988; Sutton and Deverall, 1983) . Ascospores germinate and colonize blossom tissues which in tum provide a food base needed by the pathogen to invade pod tissues, and progress into the nodal, and eventually stem tissues. Infection of tissues other than nodes such as leaves, petioles, and internodes can occur when plants come in contact with diseased adjacent plants. This is more common when the crop is lodged. The pathogen causes lesions that completely encircle the stem and disrupt the transport of water, mineral nutrients and photosynthates to developing pods. Sclerotia are formed as host tissues are depleted of nutrients needed by the pathogen. Sclerotia are returned to the soil at harvest or as contaminates associated with seed at planting. The importance of infected seed in the epidemiology of this disease has not been studied, but is likely to be of less importance than sclerotia mixed with seed.
Host Range
Sclerotinia sclerotiorum is reported to infect almost 400 species of plants (Grau, 1988;  Table 1 ). Although Sclerotinia stem rot develops in com-soybean rotations, the disease is greatly enhanced if another host crop is rotated with soybean. Sudden out-breaks of Sclerotinia stem rot have been observed in fields monocultured to com in excess of 25 years prior to soybean being planted (C. R. Grau, personnal observations). Lambsquarter (Chenopodium album L.), red-rooted pigweed (Amaranthus retroflexus L.), velvetleaf (Abutilon theophrasti Medic.) and common ragweed (Ambrosia artemisiifolia L.) are broadleaf hosts of .S. sclerotiorum and contribute to the maintenance of inoculum in fields during the nonhost year of a rotation.
Com, small grains and grass weeds are not hosts of .S. sclerotiorum.
Integrated Control
Soybean Cultivars Soybean cultivars differ in reaction to Sclerotinia stem rot (Boland and Hall, 1986; Grau, 1988; Grau and Radke, 1984) . Cultivars range from moderately resistant to very susceptible within maturity groups 0 through II. However, less resistance is reported within maturity group III and later (Grau, 1988) . Some question still remains whether physiologic resistance functions against .S. sclerotiorum, or differences in cultivar reactions are due to plant architecture, relative maturity or lodging characteristics. For example, early maturity cultivars are speculated to escape infection because of their usual short stature and early flowering. In contrast, late maturity cultivars are believed to be more diseased because of lush vegetative growth and later flowering. We renewed an effort to evaluate soybean cultivars for reaction to Sclerotinia stem rot in 1992. Data presented in Figures 1 and 2 suggest that moderately resistant to highly susceptible cultivars can be found in maturity groups O-Il. Disease incidence has been used to evaluate cultivar reactions to Sclerotinia stem rot (Grau, 1988; Grau and Radke, 1984) , but disease incidence/severity values need to be used in conjunction with yield data (Figs. 1 & 2) . A major .concern is the variability in reaction to Sclerotinia stem rot between years and among locations within a single year (Figs. 3&4) . Soybean cultivar performance in the presence of Sclerotinia stem rot is influenced by inoculum density, cultural practices and climate (Grau, 1988; Grau and Radke, 1984) . This situation causes difficulties in characterizing cultivar reaction to S. sclerotiorum. Soybean cultivars listed in Table 2 consistently have expressed higher yields in the presence of Sclerotinia stem rot. Soybean cultivars listed in Table 3 consistently have expressed lower yields in the presence of Sclerotinia stem rot. In most cases, yield is inversely correlated to the percent incidence of Sclerotinia stem rot. There are excptions, however. Specific cultivars may express a high incidence of Sclerotinia stem rot, but produced an above average yield. Seed production of infected plants can be completely inhibited, but generally some seed are set although they are usually reduced in size. Cultivars differ in the ability of infected plants to set seed. Thus, two cultivars of similar yield potential and disease incidence can differ in yield. There is evidence that some cultivars may compensate for diseased plants better than others.
Row Versus Drilled Soybeans
The crop canopy can greatly affect environmental conditions needed for optimum activity by the pathogen and for subsequent disease development (Grau, 1988; Grau and Radke, 1984) . Thus, cultural practices that modify the canopy environment have a potential impact on the incidence and severity of Sclerotinia stem rot. A major change in soybean production in the upper mid-west in recent years has been a reduction of row widths from 30 in (row) to 7-10 in (drilled). Yields are often 20% greater in drilled soybean compared to yield in conventional row width systems (Costa et al, 1980; Oplinger and Philbrook, 1992) . However, the incidence of Sclerotinia stem rot has been reported to be greater in narrow compared to wide row systems (Grau and Radke, 1984) . More recent research in Wisconsin suggests that Sclerotinia stem rot is not always greater in drill soybean, especially in high disease potential environments (Table 4) . Although yield is reduced by high incidence of disease in drilled systems, yield is still greater than in wide row systems. Drill planting systems should not be automatically abandoned because of high Sclerotinia stem rot problems. Drill systems offer the highest yield potential regardless of disease incidence; and Sclerotinia stem rot may not develop year after year.
Plant Population and Planting Date
Oplinger and Philbrook (1992) report a progressive yield increase if soybean are planted early and plant populations are greater than 200,000 plants per acre. The positive effect of early · planting dates and higher plant populations is negated by an increase in Sclerotinia stem rot incidence (Tables 5 & 6) . A more dense canopy is the likely explanation for increased incidence of Sclerotinia stem rot in higher plant populations. It is less clear why the incidence of disease was greater if the crop was planted in late April or early May. This phenomenon is likely related to apothecia formation and time of flowering.
Tillage
The effect of tillage on Sclerotinia stem rot is not conclusive. The survival and activity of sclerotia is greatly dependent upon soil moisture, and more importantly, the range of soil moisture extremes (Williams and Stelfax. 1980; Yorinori and Homechin, 1985) . Thus, sclerotia buried by tillage may survive longer because of more constant soil moisture and temperature at lower depths in the soil profile compared to the soil surface. The effect of tillage on Sclerotinia stem rot should be a high priority for research. Fungicides Benomyl (Benlate WP) and thiophanate (methyl) (Topsin-M) are registered as foliar fungicides for soybeans and are effective against S. sclerotiorum on similar crops such as snap beans.
Studies conducted in Wisconsin indicate that one application of benomyl (Benlate WP at 1lb I a) can reduce Sclerotinia stem rot (C. R. Grau, unpublished data). However, fungicides must be applied when soybeans are producing flowers or as pods are just emerging on the lower one-half of the plant. Thus, timing and penetration of the fungicide through the soybean canopy present problems in their effective use for control of Sclerotinia stem rot. Foliar applied fungicides are more feasible for seed production than for cash grain.
Herbicides Soil-applied herbicides have been shown to affect mycelial growth and carpogenic germination of sclerotia of ,5. sclerotiorum (Casale and Hart, 1986; Radke and Grau, 1986) . Herbicides commonly used for soybean production such as trifluralin, pendimethalin and metribuzin, stimulate carpogenic germination of this soil-borne plant pathogen (Radke and Grau, 1986) . However, the effect of herbicides on carpogenic germination has not been studied in relation to disease severity in the field. Atrazine and simazine, triazine herbicides commonly associated with corn production, stimulate sclerotia to germinate, but apothecia are abnormal and do not produce asci and ascospores (Casale and Hart, 1986; Radke and Grau, 1986) . Thus, corn culture may reduce soil inoculum of S. sclerotiorum by corn not being a host, triazine herbicides eliminate broadleaf weeds as potential hosts; and triazine herbicides stimulate sclerotia to germinate, but apothecia are abnormal. The reduced use of atrazine may have contributed to the increased prevalence of Sclerotinia stem rot in the corn belt.
Summary
Many agronomic practices can be modified to reduce the risk of yield loss due to Sclerotinia stem rot. The specific combination of management practices implemented would depend greatly on specific grower situations. Production practices designed for high yield potential should not be totally abandoned because of Sclerotinia stem rot. For example, early planting dates, drill plant systems, high plant populations and high soil fertility increase yield potentials, but also promote the development of Sclerotinia stem rot. Each management practice presents a potential risk, but specific modifications can usually reduce the overall risk factor. Soybean cultivar selection is the foundation of a management system to control Sclerotinia stem rot. However, the development of resistant cultivars within northern maturity groups is a critical need for the soybean industry. This objective is greatly curtailed by the lack of understanding of how resistance functions and is inherited. Research is needed to resolve this issue, because the factor(s) responsible for host responses would influence breeding and selection techniques. Currently, techniques to evaluate soybean lines for resistance are relatively inconsistent and often time and space consuming.
Critical research is needed on the biology of sclerotia of S. sclerotiorum. Knowledge is limited on the fate and activity of sclerotia subjected to different tillage systems. The role of contaminated seed lots and infected seed has not been studied for the introduction of the pathogen into uninfested fields and the general epidemiology of the disease. Greater knowledge in these areas is needed to supplement benifts gained from soybean cultivar selection. 
